The application of a minicircle substrate in the study of the coordinated T4 DNA replication.
A reconstituted in vitro bacteriophage T4 DNA replication system was studied on a synthetic 70-mer minicircle substrate. This substrate was designed so that dGMP and dCMP were exclusively incorporated into the leading and the lagging strand, respectively. This design allows the simultaneous and independent measurement of the leading and lagging strand synthesis. In this paper, we report our results on the characterization of the 70-mer minicircle substrate. We show here that the minicircle substrate supports coordinated leading and lagging strand synthesis under the experimental conditions employed. The rate of the leading strand fork movement was at an average of approximately 150 nucleotides/s. This rate decreased to less than 30 nucleotides/s when the helicase was omitted from the reaction. These results suggest that both the holoenzyme and the primosome can be simultaneously assembled onto the minicircle substrate. The lagging strand synthesized on this substrate is of an average of 1.5 kb, and the length of the Okazaki fragments increased with decreasing [rNTPs]. The proper response of the Okazaki fragment size toward the change of the priming signal further indicates a functional replisome assembled on the minicircle template. The effects of various protein components on the leading and lagging strand synthesis were also studied. The collective results indicate that coordinated strand synthesis only takes place within certain protein concentration ranges. The optimal protein levels of the proteins that constitute the T4 replisome generally bracket the concentrations of the same proteins in vivo. Omission of the primase has little effect on the rate of dNMP incorporation or the rate of the fork movement on the leading strand within the first 30 s of the reaction. This inhibition only becomes significant at later times of the reaction and may be associated with the accumulation of single-stranded DNA leading to the collapse of active replisomes.